ABSTRACT: Heavy metals are genotoxic and carcinogenic in nature. Chromosomal plant assay is an important tool used for the evaluation of genome damaging property of pollutants above the optimum level. The paper presents the results of a study concerning the influence of different concentrations of Pb and Cd on cytological and chromosomal level in root tip cells of Vicia faba L. The results revealed the specific variations in chromosomal behavior of root tip cells of Vicia faba L. depending on the nature of metals and their concentrations used for the seed treatment. The experimental study assesses the percentage of total active mitotic index and chromosomal abnormalities in the root meristems of Vicia faba L. at control and different doses of heavy metals. It was observed that a lower mitotic index and a higher frequency of chromosomal aberrations were established at all the doses of heavy metals as compared to control ones. An inverse relationship between the active mitotic index and doses of heavy metals was scored. The chromosomal abnormalities comprising C-mitosis, scattering, stickiness, precocious movement, laggard, bridges etc. were frequent along with the increasing doses of heavy metals. The treatment has been carried out at four different concentrations (2ppm, 4ppm, 6ppm, 8ppm) of both the metal salts (PbCO 3 and CdCl 2 ) at room temperature for 3 hrs. The results proved that Pb has more genotoxic potentialities than Cd.
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The contamination of heavy metal affects the biosphere in many places worldwide which is hazardous for the environment. There are various sources of metal contamination such as effluents of industries, mining, agricultural chemicals, combustion by products and fuel etc. Industrialization further more produced industrial effluents including different types of pollutants viz. organic, inorganic, radioactive trace elements and microorganisms which are becoming potential soil contaminants. Among these contaminants, heavy metals such as Pb, Cd, Hg, Ni are the major affecting problem in all over the world. Heavy metals and other sources of pollution are deposited in the environment from the industries and show toxicity for plant, animal and human beings. Heavy metals are the D-block elements also known as transitional elements with variable valency. There exists a previous knowledge that the low level of heavy metal is not more effective in the ecosystem but its increasing level is more hazardous. These heavy metals play an important role in different physiological functions of living organisms but in the form of trace element. Now days, the term of heavy metal does not exist and kept in the category of "misnomers". Present definition of heavy metal is very simple on a first glance: heavy metal is a metal having specific weight which is high. However, its physical property is quite meaningless for plants and other living organisms. It is not accessible for the plants and is present in the solution for them only after chemical reactions have changed the oxidation state. Previous studies suggested that some metal are considered to be heavy metal such as Cu, Ni, Pb, Cd, Cr etc. Among these heavy metal Pb is more effective and toxic for plant tissues i.e. inhibits the growth of root and cell division and also increases the frequency of chromosomal aberrations as reported by Liu et al., 1994 in case of Allium cepa.
However, now a days, various anthropogenic activities have concentrated some of these elements in certain area up to dangerous level for living organisms (Chatterjee and Chatterjee 2000) . The Cd accumulated in plant is ultimately taken up by animals and human. Cheng and his co-workers have also observed in 2006 that plants are the main pathway for entering toxic elements from soil to human. It was concluded that among all the heavy metals, Pb and Cd are most common in causing genotoxicity and mutagenecity and also induce mitotoxic effect on the root meristem of plants in turn responsible for carcinogenicity in humans and other living organisms. Availability of heavy metal is much longer in soil as compared to that in air or water and certain trace elements such as Pb or Cd may virtually be permanent (Kabata et al. 1995) . The cytogenetical effects of some of heavy metals like Cd, Pb, Hg, Cr in plant cell and animal cells have been studied by Pateson and Allison (1972) , Ruposhev (1976) and Sharma et al. (1988) .
Boquella is a broad bean which belongs to the Leguminosae (Fabaceae). It is extensively cultivated elsewhere and has high plant hardness. Vicia faba has a diploid chromosome number of 12 (2n=12). These are still often grown as cover crop to prevent erosion because they can over winter and because as legume, they fix nitrogen in the soil. Broad bean is a nutritious food. The primary product of broad bean is its seed which has relatively higher content of K, P, Ca, and carbohydrates, calories as compare to other legumes and rich in tyramine. Some epidemiological and in vitro studies suggest the hemolysis resulting from favism acts in protection from malaria. Uptake of heavy metals by this plant would have been harmful and its toxic effect could be detected during plant growth and manufacturing process. Studies on the treatment effects of lead and cadmium on this important legume are scarce.
The objective of the study is therefore to determine the toxicity and mutagenecity of these two metals on the chromosome in the root meristems of the Vicia faba. This investigation is an attempt to corroborate the toxicity of Pb and Cd on the chromosome of the plant. The result may help in understanding the possible constraints in the role of Pb and Cd as pollutants in plants.
MATERIAL AND METHODS
For the cytological study, healthy seeds of Vicia faba were procured from S.H.I.A.T.S. For the germination of root tip, the seeds were presoaked in a petridish by using filter paper, then covered and kept into a incubator for 2-3 days at 22-25 0 C.
Lead and Cadmium treatment
After the germination, solutions of different concentrations of lead and cadmium were prepared from PbCo 3 and CdCl 2 by using dilution method. Then the seeds were treated with different concentrations (2ppm, 4ppm, 6ppm, 8ppm) of both the heavy metals for 3 hrs. and one set prepared for control with distilled water only. Then the root tips were washed thoroughly in distilled water and fixed in carnoy"s fixative (1:3) for 24 hrs. and were preserved in 90% alcohol.
Cytological analysis For softening the root tips were hydrolysed in 1N HCl for 2-3 minutes and then stained with 2% acetocarmine for 30 min. Finally squash was prepared for cytology. Five slides per treatment and 10 fields per slide were observed using light microscope under 40X resolution and photographs were taken by using PCTV Vision photography software.
Active mitotic index and abnormality percentage were calculated for each treatment set by using the following formula: 
Statistical analysis
Statistical analysis was performed using the SPSS 16.0 software. A one way analysis of variance (ANOVA) and Duncan"s multiple range test (p<0.05) was performed and the graph was plotted by using Sigma Plot 10.0 software. Actual mean and standard error were calculated the data and was subjected to analysis of variance.
OBSERVATION
The cytological observation revealed that the diploid chromosome number of Vicia faba is 2n= 12. The present studies showed that the mitosis in controls was perfectly normal with the arrangement of 12 chromosomes at metaphasic plate (Fig. 1C) and 12:12 separation during anaphase (Fig.1D) . However, the treatment of the root tips with PbCo 3 and CdCl 2, changes normal behavior of chromosomes and rate of dividing cells observed. Mitotic indices and chromosome abnormality percentages of Pb and Cd treatment sets are inversely related to each other. The range of AMI and chromosomal abnormalities along with the treatment doses of both heavy metals has been presented in Table 1 and 2, respectively. Fig. 2 shows a decline value of active mitotic indices along with the increasing concentration of heavy metals Pb and Cd. Mitotic index in control sets was found to be 12.5667, whereas it decreased from 11.5667 to 7.3333 in CdCl 2 treatment set and from 10.7000 to 5.9000 in PbCO 3 treatment set on increasing the concentration from 2 pm to 8 ppm. Both the heavy metals induced various types of chromosomal abnormalities (Fig. 1) Fig. 3 .
Most of the abnormalities were present predominantly at higher doses of treatment eg. Bridge formations and laggards were found to be highest at both the treatment sets of PbCo 3 (8 ppm) and CdCl 2 (8 ppm), respectively. Unequal separation, scattering, unorientation (Fig. 1) were also dominantly present showing dose dependent increase in anomalies.
Total abnormalities increased from 3.1480 to 8.0140 and 3.7570 to 9.9230 as the doses increased from 2ppm to 8ppm in CdCl 2 and PbCo 3 treatment sets, respectively.
DISCUSSION
From the above observations, it is clear that the heavy metals have potentiality to induce mitotoxic and genotoxic effects on the root tip cells of Vicia faba. It has been investigated that lower dose was not very harmful for the plant tissues and abnormalities might be recovered. But higher dose i.e. 8ppm, severely damaged the plant cells and also destroyed the cells, causing cell elongation and cell distortion. So, maximum abnormality percentage and lowest active mitotic indices were observed at higher doses of treatment in both the cases viz. 8ppm CdCl 2 (Tab%-8.0140, AMI% 7.3333) and PbCo 3 (Tab%-9.9230, AMI % 5.9000) shown in Table 1 . Thus, the above results revealed that the frequency of AMI decreases and abnormality percentage increasing along with increasing doses of treatment. This reduction in the mitotic index and a wide range of chromosomal aberrations almost clearly assess that heavy metals are clastogens and drastically affected the chromosome at DNA level as shown in the present study.
In the view of above assessment, it has been concluded that both the heavy metals have the potentiality to cause the chromosomal aberrations, but genotoxic potentialities of Pb are more than that of Cd. The lowering of AMI has been achieved by the inhibition of DNA synthesis at S-phase (Sudhakar et al., 2001) . In our investigation, scattering, stickiness, bridges and laggards etc. were found to be most frequent abnormalities after treating the root meristematic cells with Pb and Cd, respectively.
The scattering, spindle dysfunction formed by the loss of microtubules of the spindle fibres and also correlated with precocious movement, C-mitosis type of chromosomal aberrations (Fig.1B) . Another reason of precocious movement of chromosome is possible due to early terminalization of the chromosome or due to chemical breaking of the protein moiety of nucleoprotein backbone (Patnaik 1984) (Fig. 1F) .
The term c-mitosis was coined by Levan who described that colchicine prevents the assembly of the spindle fibres and results in scattering of the chromosomes over the cells. There are number of pesticides which are c-mitotic agents like mercury, carbamates and dieldrin. The propham, chloropropham, carbaryl, benomyl etc. are extremely active c-mitotic chemicals. In physiological aberrations, frequency of cells with c-mitosis was found to be maximum than other aberrations. Several investigators were able to induce C-mitosis in plant cells using different types of heavy metals (Fig. 1E) .
Stickiness of chromosome ( Fig.1H and 1K ) is the indicator of genomic loss because of loss of physical identity of chromosome. It may be termed as the physical adhesion including mainly protinaceous matrix of chromatin material (Patil and Bhat 1992) . Heavy metals complexes are highly reactive and its complexes show direct or indirect interaction with DNA or histone or non-histone proteins which alter the chromosome surface property leading them to be sticky. Manifacturing of non-histone proteins involved in chromosome organization that the prerequisite for chromatid separation and segregation results in sticky chromosomes. Stickiness has been symbolized to the improper clustering of chromosomes at any phase of cell cycle, which makes the chromatid connected by chromatid bridges and induce many of other abnormalities eg. Laggards, bridges and fragmentation etc. which led to the cell death.
Lagging chromosome (Fig.1L ) is suspected to be caused due to abnormal spindle formation and as a result, spindle failed to carry the chromosome to the pole and Bridge formations (Fig.1M,1N ,1O and 1P) may be due to the sticky behavior of chromosomes which could not move towards the pole regions at anaphase (Kumar and Rai 2007) .The breakage of chromosomes at the same locus and their lateral fusion might have led to the formation of dicentric chromosome (Kumar and Rai 2007) . The formation of dicentric and acentric chromosomes was due to inversion of chromosomes. The dicentric chromosomes play a main role in the formation of bridges. It was pulled equally towards both the poles at anaphase and bridges were formed (Anis et al. 1998) .At higher concentration, Cd inhibits root growth resulting from disruption of cell division. Rivetta et al., 1997 found that Cd binds to CAM (Calmodulin) and competes with Cd in these binding processes. It may change their structure leading to spindle dysfunction. This might be the explanations of mitotic anomalies caused by heavy metal Cd (Liu et al., 2003) . Pb has the ability to replace the Ca 2+/ Zn 2+ in enzymes involved in DNA processing and repairing and enhancing the genotoxicity when combined with other DNA damaging agents (Garcia-Leston et al. 2010) .
CONCLUSION
From the above study, it could be assessed that the genotoxic potentialities of both the heavy metals frequently added in our agricultural fields by the environmental pollution, have the ability to induced point mutations in Vicia faba. Evaluation of comparative account displayed that PbCO 3 proved to be highly genotoxic in comparison to CdCl 2 Thus, through the above studies, it is suggested that excessive pollution of natural resources, extensive use of industrial effluents and agricultural practices for their comforts and necessities should be minimized, because the presence of these heavy metals increased soil pollution leading to severe cytogenetical effects in plants and higher organism in the environment. Thus, mutagenic data provided from plant assays are very important for genetical research maintaining stable ecosystem.
